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Abstract
Objective: Both-column acetabular fracture is a type that accumulates both the pelvis and acetabulum with complex
fracture line alignment and has variant fracture fragments. The selection of different reduction landmarks and
sequences produces different qualities of reduction. This study aims to compare the operation-related items, quality
of reduction, and hip functional outcome by using different reduction landmarks and sequences for management of
both-column acetabular fractures (BCAF).

Methods: A consecutive cohort of 42 patients from January 2013 to January 2019 with BCAF were treated operatively
with different reduction landmarks and sequences: pelvic ring fractures reduction first (PRFRF group) and acetabular
fractures reduction first (AFRF group). Preoperative computer visual surgical procedures were applied. There were
22 patients in PRFRF group and 20 patients in AFRF group. The surgical details, complications, radiographic and clini-
cal results were recorded. The quality of reduction was assessed by the Matta scoring system. The functional outcome
was evaluated by the modified Merle d’Aubigné and Postel scoring system. The measurement data were analyzed
using the t-test of independent samples and rank-sum test of ranked data.

Results: The real reduction sequence in both groups was almost identical to the preoperative surgical procedures.
The excellent/good quality of reduction in PRFRF group (21/22) was better than AFRF group (17/20). Operative time
(152.3 � 16.3 mins) and intra-operative blood loss (639.5 � 109.9ml) were significantly reduced in PRFRF group
(p < 0.05). The incidence of deep vein thrombosis in PRFRF group (2/22) was less than AFRF group (4/20), but with-
out statistical signification.

Conclusion: Selection of an appropriate reduction landmark and sequence could result in better quality of reduction,
operative time, and decreased blood loss during treatment of BCAF.
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Introduction

Both-column acetabular fractures (BCAF) are the second
most frequent type of acetabular fracture with an inci-

dence of 20%1,2. They are complex acetabular injuries involv-
ing multiple planes and characteristically present with
separation of the entire acetabulum from the sacroiliac joint,
resulting in a floating acetabulum3. Open reduction and

internal fixation still remain the gold standard for the treat-
ment of this type of injury1,4,5, besides, the prognosis of this
injury is closely related to the quality of bone reduction4,6. It
is challenging for surgeons to manage and the prognosis var-
ies because the bone morphology of the pelvis is quite com-
plex and can be displaced to any space in different directions
for different fracture types7,8. Even for experienced surgeons,
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it can still take a long time to reposition, and the fracture
position cannot be guaranteed. As you can imagine, less
experienced surgeons will have to spend more time on the
fracture reduction step.

BCAF are T- or Y-shaped, formed by two fracture
lines that converge on the acetabular roof, one from the
greater sciatic notch and the other from the superior or
anterior edge of the ilium, which then descend vertically
together3,9. In other words, BCAF accumulate in both the
acetabulum and the pelvis. Different acetabular fractures
have different fracture line alignments, and the fracture
lines of BCAF are especially complex. In this case, the nor-
mal acetabular anatomy has been severely destroyed, and it
is exceptionally difficult to restore its continuity. Therefore,
it is a challenge to effectively reduce this type of fracture.

Recently, some studies have applied computer visual
technique for preoperative planning of the patient’s imaging
data for surgery10,11. This technique allows the surgeon to
more easily identify the main fracture components and their
spatial relationship to each other. The application of this
technique in acetabular fractures has yielded relatively good
clinical results12.

However, few studies have reported on the reduction
sequence of complex acetabular fractures. Besides, complex
acetabular fractures will result in variant fragments, how to
select an appropriate reduction landmark was quite puz-
zling. Therefore, our team summarized and proposed a
reduction method for the treatment of acetabular fractures
involving both pelvis and acetabulum. A reduction land-
mark is selected and used as the basis for the reduction of
the fractures using computer simulation before operation,
followed by intra-operative repositioning in a predesigned
sequence.

The aims of this study were: (i) to propose a specific
reduction landmark and sequence; and (ii) to identify the
feasibility of clinical application.

Materials and Methods

Inclusion and Exclusion Criteria
Inclusion criteria were as follows: (i) patients suffering from
closed BCAF as defined by Letournal classification.

Exclusion criteria were as follows: (i) delayed or open
acetabular fractures; (ii) combined with femoral head frac-
tures; (iii) patients with preoperative range of motion defi-
ciency of the hip; (iv) age <18 years.

According to the above exclusion and inclusion
criteria, 42 patients with BCAF treated in our hospital from
January 2013 to January 2019 were selected and compared
the operation-related items, quality of repositioning, and
functional recovery outcomes. PRFRF group used the “foun-
dation” reduction method to firstly reduce the pelvic ring
fractures, and AFRF group was treated with the acetabular
fracture reductions first. The computer simulation was
applied to the preoperative surgical visual procedures for
each patient. The operative time, intra-operative bleeding,
quality of reduction, and postoperative functional recovery
outcomes were collected for these patients. Each patient
signed an informed consent form before operation and the
study received approval from the institutional review board
(S1060).

Preoperative Preparation

PRFRF Group
Computer-Assisted Virtual Surgical Procedure. CT data from
all patients were collected and stored in Dicom format, sub-
sequently imported into 20.0 mimics software for 3D image
reconstruction. Each fracture was labeled with different
colors and converted into an individual object according to
rotation and shift in different directions to simulate operative
reduction. The sacroiliac joint was considered as the “foun-
dation” of reduction, and the fractures were gradually

A B

Fig. 1 Diagram showing the reduction sequence of the “foundation” reduction method. (A) The origin of the “foundation” reduction method, which

selected anatomical structure with larger contact area as a landmark to guide reduction. If the sacroiliac joint injury existed, the sacroiliac joint was

selected as a foundation. If the sacroiliac joint injury was not existing, the residual ilium was selected as foundation. (B) The reduction sequence

of BCAF.
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reduced in the direction from the sacroiliac joint to the pubic
symphysis (Fig. 1). The fractures located in quadrilateral sur-
face were reduced last (Fig. 1).

Surgical Technique. In general, the patient is placed in supine
position, and the approach of surgery can be selected
according to the real location of acetabular fractures. Flat
radiolucent operative table is used intra-operatively to enable
all intra-operative pelvic position imaging to be acquired.
The surgeon stands on the opposite side of the affected side.
The supra-ilioinguinal approach is selected as the anterior
surgical approach and the exposure of different bone surface
can be achieved according to constant window switching13.
As planned preoperatively, a bony landmark is first selected
as a reduction landmark. Generally, the sacroiliac joint is
chosen as the landmark of the reduction and the extent of
exposure is determined by the existing sacroiliac dislocation
or the location of iliac fracture (Figure 2A). If there is a
sacroiliac joint injury, the surgical exposure needs to be
exposed to the surface of sacroiliac joint to facilitate place-
ment of a plate in front of the sacroiliac joint. If there is no
sacroiliac joint injury, the residual ilium attached to the ipsi-
lateral sacroiliac joint is selected as the “foundation” for
reduction. If the lines of iliac fractures were located at high
location, the iliopsoas needs to be stripped for advanced

reduction and fixation. Once the visualization of the individ-
ual fractures is achieved, the fractures can be gradually
reduced in the direction from the sacroiliac joint to pubic
symphysis using the pre-selected bony landmark as the
“foundation” and fixed with reconstruction plates
(Figure 2-B–D). If the medial displacement of quadrilateral
surface exists, a quadrilateral buttress plate should be placed
for fixation. After the reduction of all fractures are achieved,
the active bleeding should be checked (Figure 2E). At last, a
drainage tube is placed and the incision is closed layer by
layer.

AFRF Group
This group of patients also underwent preoperative computer
simulation of visual surgical procedures but did not follow
the “foundation” method for fracture reduction. The reduc-
tion sequence addressed the acetabular fracture first. Other
preoperative preparations were the same with PRFRF group.
The ilioinguinal approach was also selected as anterior surgi-
cal approach13.

Assessment Parameters
Based on radiographs in the anterior-posterior and Judet
positions and computed tomography scans of the pelvis, the
quality of reduction was evaluated according to the scoring

C D E

A B

Fig. 2 The steps of operation using the “foundation” reduction method. (A) The residual ilium was selected as a landmark for reduction. (B) The ilium

was selected as a basics. (C) The pubis was selected as the superstructure. (D,E) The part of acetabulum was reduced at last.
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system published by Matta14: excellent (0–1 mm), good
(2–3 mm), or poor (>3 mm). The final follow-up clinical
outcome was evaluated with the modified Merle d’Aubigné
and Postel score to estimate the functional outcomes15. The
sum of the individual scores (pain, gait, and range of
motion of the hip) was classified as excellent (18 points),
good (17–15 points), fair (15–13 points), or poor (<13 points).

Statistical Analysis
All data were processed and analyzed using SPSS (version
26.0; SPSS). The measurement data were analyzed using the
t-test of independent samples or paired samples, and the rest
of ranked data were analyzed by the rank-sum test. A value
of p < 0.05 was considered as statistical significance.

Results

Follow-Up
All patients were followed up at least for 1 year according to
outpatient department or telephone at 1, 3, 6 months and
1 year postoperatively, and then annually thereafter.

General Results
A total of 42 cases were finally obtained according to the
exclusion and inclusion criteria, of which 22 patients were
treated according to the “foundation” method with pelvic
ring fracture reduction first (PRFRF group) and 20 patients
were treated with acetabular fractures reduction first (AFRF
group). The mean age of PRFRF group was 47.1 � 14.0 years
and that of AFRF group was 41.7 � 12.9 years. (Table.1) The
male/female ratio was 14:8 for PRFRF group and 12:8 for
AFRF group. The mean time from injury to operation was
8.5 � 2.4 days in PRFRF group and 8.8 � 4.8 days in AFRF
group (Table 1). There was no statistically significant differ-
ence between the above relevant data, indicating that the
comparability between PRFRF group and AFRF group was
feasible (Figure 3).

Intra-Operative Blood Loss
The mean intra-operative blood loss was 639.5 � 109.9ml in
PRFRF group and 793.0 � 172.6ml in AFRF group. It could
be found that the intra-operative blood loss in PRFRF group
was less than that in AFRF group. There was a statistically
significant difference between the two groups (p < 0.05).

Surgical Time
The mean operative time in PRFRF group
(152.3 � 16.3 mins) was less than that in AFRF group
(183.0 � 35.3 mins). There was a statistically significant dif-
ference between the two groups (p < 0.05).

Quality of Reduction
According to the Matta scoring system, 16 patients (72.7%)
were scored excellent, five patients (22.7%) were scored good,
and one patient (4.5%) was scored poor in PRFRF group.
AFRF group had 13 patients (65.0%) with excellent level,
four patients (20.0%) with good level, and three patients
(15.0%) with poor level. The ratio of excellent/good in
PRFRF group was 21/22, slightly higher than AFRF
group (17/20).

Scoring of Hip Function
The patients’ functional outcome was scored according to
the Merle d’Aubigné scoring system. The ratio of excellent/
good in PRFRF group was 21/22, slightly higher than AFRF
group (17/20).

Complications
The incidence of deep vein thrombosis in PRFRF group was
2/22, which was less than AFRF group (4/20). The deep vein
thrombosis was found at 3- and 6-month follow-ups, but no
special treatment was performed. Wound superficial infec-
tion occurred in both groups at 1 week after surgery, 1/22 in
PRFRF group, 3/20 in AFRF group. No reinfection occurred
after debridement was performed in each patient.

Discussion

The management of complex acetabular fractures is very
challenging for orthopaedic surgeons and often leads to

serious complications such as femoral head necrosis and
traumatic arthritis. In some long-term follow-up studies,
traumatic arthritis was the most common complication with
an incidence of 20%2,16. Especially, the quality of reduction
is the only independent risk factor to evaluate the prognostic
outcome17–20. Therefore, in the treatment of this type of frac-
ture, it is necessary to ensure anatomic reduction of the frac-
tures as much as possible. And in this study, it can also be
found that AFRF group with relatively poor quality of reduc-
tion had a lower functional outcome compared to PRFRF
group.

Table 1 Patient demographics of PRFRF and AFRF groups

Variable ORIF(n = 22) ORIF(n = 20)

Age (year) 47.1 � 14.0 41.7 � 12.9
Gender (Male:Female) 14:8 12:8
Injury to operation (day) 8.5 � 2.4 8.8 � 4.8
Operative time (min) 152.3 � 16.3 183.0 � 35.3
Blood loss (ml) 639.5 � 109.9 793.9 � 172.6
Matta
Excellent 16 13
Good 5 4
Poor 1 3

Merle
Excellent 10 9
Good 11 8
Poor 1 3

Complication
Deep vein thrombosis 2 4
Infect 1 3
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Importance of Selecting Appropriate Reduction
Landmark and Sequence
The technique and sequence of BCAF reduction can improve
the quality of the reduction. For the treatment of unstable
pelvic ring fractures, fixation of the posterior ring was partic-
ularly important and was often treated preferentially21,22.
However, BCAF involved both fractures of pelvis ring and
acetabulum, but is pelvic ring reduction first or acetabulum?
Pierannunzii et al.3 indicated a different sequence of reduc-
tion for BCAF: if the posterior column was more severely
separated, the posterior column should be performed first
according to posterior approach, and if the anterior column
was more severely separated, the anterior column should be
performed first according to anterior approach. However, the
two combined approaches would result in more complica-
tions13. Giordano et al.23 suggested that the reduction of
BCAF should start with the proximal iliac wing, but did not
provide a description of the anatomical landmarks and did
not considered the sacroiliac joint injury. In this study, it
was found that PRFRF group had a better quality of reduc-
tion than AFRF group, because PRFRF group possessed a
precise reduction landmark and sequence. Therefore, the
“foundation” theory could improve the quality of reduction.

Characteristics of Structures
In normal physiological conditions, the articular surfaces of
the sacroiliac joint and pubic symphysis are parallel to the
force direction of the two joints during activity, hence, the
surrounding ligaments play a very important role in
maintaining stability. The sacroiliac joint is a micro-
movement joint composed of the auricular surface of the
ilium and the sacrum, constituting the main part of posterior
ring of pelvis, its stability is mainly maintained by the ante-
rior sacroiliac ligament, sacrospinal ligament, ligament of
sacral tubercle, and sacroiliac ligament. The pubic symphysis
is formed by the ends of the pubis on both sides by
fibrocartilage, constituting the main part of anterior ring of
pelvis. Compared to pubic symphysis, the sacroiliac joint has
a larger contact area. If the pubic symphysis is considered as
a point, the sacroiliac joint can be considered as a plane.
BCAF is combined with fractures of both pelvic anterior and
posterior rings3,9 and it is important to select the correct
landmark and sequence of reduction. If the pubic symphysis
is used as the landmark of reduction, the sequence of reduc-
tion from the anterior ring to the posterior ring may result
in the wrong correction of displacement and rotation
because the cross-sectional area of the anterior ring is

D
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Fig. 3 One case: a 56-year-old patient with BCAF. (A–C) Preoperative X-ray, 3D reconstruction, and CT scan. (D–F) Postoperative X-ray, 3D

reconstruction, and CT scan.
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relatively small. However, if the posterior ring is selected as
reduction landmark, this situation can be avoided because
the posterior ring has a larger cross-sectional area. Since
most acetabular fracture dislocations are a result of the
impingement of femoral head, and the structures that consti-
tute the posterior ring are not directly related to the femoral
head, hence, they can maintain their normal anatomic posi-
tion3. Moreover, once the posterior ring is reduced and stabi-
lized, the mobility of the anterior ring is limited to a narrow
range24. After the anatomical integrity of the pelvis was
restored firstly, the acetabular fractures could be reduced to
obtain a better joint reduction25. Therefore, we propose the
“foundation” reduction method, in which the reduction of
complex acetabular fractures is like building a house, where
a solid foundation is required to ensure the subsequent steps
to be stable. This reduction method also strictly follows the
anatomy of the pelvis.

Characteristics of Force Transmission
The pelvic structure carried the downward mechanical trans-
mission of force from spine and the upward mechanical
transmission from lower limbs, playing an important role in
the stable maintenance of various postures26. Some studies per-
formed pelvic biomechanics for normal standing position and
found that the force was gradually transmitted along the lum-
bar spine-sacrum-sacroiliac joint-pectineal line-acetabulum-
femoral head and finally to lower limbs27–29. The direction of
mechanical transmission of pelvis was exactly as well as the
direction of our “foundation” reduction method, which firstly
reduced the weight-bearing part (pelvis) and finally reduction
the functional part (acetabulum). Hence, the “foundation”
reduction method strictly followed the mechanical characteris-
tics of the pelvis. Besides, the pelvic injury was related with
sexual dysfunctions30. The posterior and anterior ring could be
fixed using percutaneous screw technique to reduce iatrogenic
injury if the pelvic fractures were present only31–33.

Comparative Analysis of Two Groups
A comparative analysis of PRFRF group and AFRF group
showed that patients in PRFRF group had lower operative
time (152.3 � 16.3 vs 183.0 � 35.3 mins) and blood loss
(639.5 � 109.9 vs 793.9 � 172.6 ml), suggesting that the
reduction method could significantly shorten operative time
and thus reduce intra-operative blood loss. Besides, the
PRFRF group also had better quality of reduction and post-
operative functional outcome compared to AFRF group,
indicating that the reduction method could effectively guide
the reduction of fractures. In other words, the functional out-
come was related with the quality of reduction. In addition,
the incidence of deep vein thrombosis in the lower limbs was
lower in PRFRF group (2/22 vs 4/20), which might be a
result of the fact that good quality of reduction allowed
patients to perform functional exercises early.

Advantages of Computer Simulation
Fractures were simulated and reduced through an applica-
tion of computer simulation for preoperative surgical proce-
dures. The 3D reconstruction of the patient’s CT using
computer simulation allowed surgeons to comprehend the
complex fracture patterns and thus facilitate the selection of
an appropriate surgical approach and fixation method9,11,34.
Especially in severe complex acetabular fractures, surgeons
could distinguish these variant tiny fragments before opera-
tion according to this technique, which avoided ignoring
these tiny fragments. Besides, the surgeons could manipulate
the bone fragments freely to facilitate the intra-operative
reduction of the fractures. Moreover, after the computer sim-
ulation model was established, 3D printing could be per-
formed to produce a full-scale personalized model, which
facilitated the preoperative pre-bending of the plate but
requires a lot of preoperative time35.

Strengths and Limitations
Our study confirmed the feasibility of “foundation” reduc-
tion method in BCAF surgery in detail and applied the com-
puter simulation in preoperative surgical procedures.
Preoperative computer simulation was a time-consuming
process, and in this study, we needed at least 2 h or even
longer to process the patient’s CT data and to reposition the
bone fragments. In addition, this study provided a compara-
tive analysis of patients only with BCAF, the other types of
acetabular fractures involving both pelvis and acetabulum
such as anterior posterior hemi-transverse and T-shaped
fractures were not included. Therefore, subsequent studies
are required to compare other types of fractures involving
both pelvis and acetabulum to demonstrate the general appli-
cability of the “foundation” reduction method.

Conclusion
The “foundation” reduction method can effectively shorten
operative time, reduce surgical blood loss, and simplify the
surgical steps, ultimately improving the quality of the reduc-
tion. This reduction method has a good prospect of applica-
tion in the treatment of complex acetabular fractures, but it
still needs further promotion. In addition, computer simula-
tion is a highly orthopaedic-relevant technique, especially in
treatment of complex acetabular fractures, which improves
the efficiency of operation.
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